Consumers focus on level of service while purchasing electronic products. This study focuses on consumer buying behavior. We determine the Stackelberg outcome for a market when a durable electronic product has three different forms: new product, remanufactured product and refurbished product. Under the dynamic game model, the optimal differential pricing strategy is implemented, and the double marginal effect is coordinated through a revenue-sharing contract and two toll contracts to increase the system's revenue capacity. Our research shows that as the degree of consumer preference increases, the service differentiation of the three products is reduced. A lower level of consumer preference affects the pricing decision of new products and significantly affects the pricing of remanufactured products and refurbished products.
Introduction
Electronic waste has significant value in recycling and remanufacturing, while causing environmental pollution. For example, the International Telecommunications Union (ITU) studies show that electronic waste generated in 2016 contained 55 billionworth of recyclable raw materials [1] . Among them, the most common way to reuse is to remanufacture used products as remanufactured products or refurbished products in the market to obtain the residual value of the products. After the recycling and remanufacture of electronic waste, remanufactured products and refurbished products save 70% of materials compared with new products, save energy by 60%, save costs by 50% and reduce pollutants by more than 80% [2] . While increasing corporate profits, the environmental hazards of electronic waste are greatly reduced. Currently, well-known manufacturers and retail companies such as Kodak, Hewlett-Packard, Wal-Mart and Apple have successfully implemented closed-loop supply chain management and obtained huge commercial profits for their respective companies.
Product remanufacture is a process in which waste electronic products are used as raw material for production, and specialized repairs and technological refurbishment of used electronic product components are performed such that the remanufactured product meets or achieves the same quality and performance as the original product. Raw material-production-sales-consumption-recycling-remanufacturing is a closed-loop supply chain (CLSC) management model for product remanufacture. Compared with the traditional supply chain production model, the closed-loop supply chain management model can effectively use the residual value of electronic waste, thereby improving resource utilization and reducing environmental pollution. In particular, in the field of consumer remanufacturing, electronic products have unique characteristics due to their short life cycle, which is different from other closed-loop supply chain models for consumer goods: for example, in the United States, uncertain demanding manufacturers' pricing strategies and service cooperation problems; however, Bin [21] and others have found that product prices are closely related to customer sensitivity coefficients and used sales compensation-service cost sharing contracts to optimize the product service supply chain profits. However, for further improvement, the following questions arise: How does consumer preference influence service level decision making? From the perspective of government subsidies and consumer preferences, how does retreading affect the pricing of new and remanufactured products and the choice of service strategies? These problems have become the issues that need to be considered urgently in the real management practices of enterprises and decision makers.
To summarize, based on the existing research, this paper considers the consumer preference for green remanufacturing products (remanufactured products, refurbished products) and discusses the issues of differential pricing and coordination decision making of CLSCs from the perspective of dynamic gaming. The structure of the paper is as follows: First, based on the premise that the market has new products and green electronic products simultaneously, Debo's consumer utility function model is expanded [19] . Subsequently, a game model is used to build a decision model and a comprehensive analysis of the different differential pricing under different models. A comparative analysis of the product pricing strategy is performed in terms of the best selling price, best wholesale price and best service level. Second, based on the study of Cachon et al. [22] , revenue-sharing contracts are used to coordinate the M-R decision making model led by manufacturers, and two toll contracts are used to coordinate the R-M decision making models followed by retailers. Finally, the numerical simulation shows the effect of the coordination mechanism on the supply-chain system.
Problem Description and Related Assumptions

Problem Description
This paper considers a single-phase CLSC system consisting of a manufacturer and a retailer, where both the manufacturer and retailer are risk-neutral and fully rational (Figure 1 ). In this system, the manufacturer is responsible for manufacturing, remanufacturing and recycling a single product and setting the wholesale price. The retailer is responsible for selling the product and setting the retail price. In addition, new products, remanufactured products and refurbished products (remanufactured products and refurbished products are treated with the same quality and function as the new products) with certain durable electronic products in the market are considered. The following discussion focuses on the following: a centralized decision model (manufacturers and retailers form a whole and make decisions); the manufacturer and retailer belong to the Stackelberg game model, but a manufacturer is used as the leader (MR decentralized decision model), as well as the retail business (RM decentralized decision model). 
Symbol Introduction
Assumption 1. The unit manufacturing cost of the new product is c; ∆ 1 is the remanufactured product unit cost savings; ∆ 2 is the renewal product unit cost savings. Among them, c According to the literature, when satisfied,
meaning new product, remanufactured product and refurbished product requirements exist in the market. The consumer demand function can be expressed as:
The superscript "c" represents a centralized decision model; "d1" represents a decentralized M-R decision model; "d2" represents a decentralized R-M decision model; "r1" represents a coordination mechanism M-R decision model; "r2" represents a coordination mechanism R-M decision model; and "*" indicates the optimal decision. To simplify the model display, we define:
Closed-Loop Supply Chain Decision
Centralized Decision
Under the centralized decision making model, manufacturers and retailers form an overall joint decision (for example: Gree electric manufacturing-sales model), whose profit function is expressed as:
Solving Proposition 1 according to first-order linear conditions: Proposition 1. The optimal sales prices of new products, remanufactured products and refurbished products under CLSC decisions p c * i and the optimal service level s c * i are:
The objective function model is explained in Table 1 . 
Parameter Determined by the Formula Formula
New product sales profit
Remanufactured product sales profit
Recycling and remanufacturing fixed costs F It is proven that the Hessian matrix of the objective function under a centralized decision can be determined as negative by Equation (5) . That is, the target profit function is a strictly concave function about p n , p r and p s , and an optimal solution exists. The first-order partial derivatives of p n , p r and p s are solved for Equation (5) and set to zero. The simultaneous equations can subsequently be solved optimally.
Conclusion 1: Under the centralized decision:
1. p c * n , s c * n decreases as the consumption preference increases; 2.
p c * r , p c * s , s c * r , s c * s increase with the increase in consumer preference; 3. p c * s , q c * s increase with the increase in government subsidy degree g; at this time, the producer surplus and consumer surplus increase.
Inference 1: With the increase in consumer preferences, remanufactured products and refurbished products erode the new product market share; however, the overall profit of the CLSC systems has increased. With the increase in government subsidies, the surplus of producers and the increase in consumer surplus occur.
Decentralized Decision
Under the decentralized decision making, manufacturers and retailers respectively pursue their own interests in the market. Two situations exist:
1.
Manufacturer as leader, and retailer as follower; 2.
Retailer as leader, and manufacturer as follower.
M-R Decision
In the M-R decision model, the manufacturer as a leader first considers the retailer's optimal reaction function to determine the wholesale prices (ω n , ω r , ω s ) and service levels (s n , s r , s s ). Subsequently, the retailer determines its sales price according to the manufacturer's decision, i.e., p n , p r , p s , (e.g., Apple Inc. and its affiliates). The decision model is: 
The objective function model is explained in Table 2 . Table 2 . Objective function model interpretation.
Game Party Parameter Determined by the Formula Formula
Manufacturer (Leadership)
Refurbished product sales profit
Recycling and remanufacturing fixed costs F Table 2 . Cont.
Retailer (following status) New product sales profit
To solve Equations (12) and (13), we introduce Proposition 2:
Under the M-R decision, the optimal selling prices of new products, remanufactured products and refurbished products under the CLSC p i , optimal wholesale price ω i and optimal service level s i are:
Proof. According to the Stackelberg game model, manufacturers as the market leader first determine their wholesale prices ω n , ω r , ω s , s n , s r , s s ; for retailers as followers, the manufacturer's decision model is referred to in order to determine the sales price p n , p r , p s .
From Equation (13), the Hessian matrix of the retailer's profit function for p n , p r and p s is negatively determined. In other words, the retailer's profit function is a strictly concave function for p n , p r and p s . There is a unique optimal solution.
Next, we solve the first-order partial derivatives of p n , p r and p s separately for Equation (13) and set it to zero:
The vertical type for Equations (23)- (25) is as follows:
Substituting Equations (26)- (28) into Equation (12) 
The simultaneous solution for Equations (29)- (34) can be obtained from the optimal solution of Proposition 2.
Conclusion 2: Under the decentralized M-R decision, the optimal sales price of new products, remanufactured products and refurbished products under CLSC decisions p c * i and the optimal service level s c * i are:
p n , ω n , s n decrease with the increase in θ; 2.
p r , ω r , s r increase with the increase in θ; 3.
p s , ω s , s s increase with the increase in θ;
Conclusion 3: Under the decentralized M-R decision, the optimal sales price of new products, remanufactured products and refurbished products under CLSC decisions p c * i and the optimal service level s c * i are:
s c * n > s d1 * n ;s c * r > s d1 * r ;s c * s > s d1 * s ; 3.
Inference 2:
With the increase in consumer acceptance of remanufactured products and new products, the best selling price, the best wholesale price and the optimal service level should be increased, and new products should be reduced accordingly; 2.
In the manufacturer-dominated Stackelberg game model, the manufacturer's gain Π d1 * M and the optimal sales price for new products, remanufactured products and refurbished products are greater than those under centralized decision making. Further, the optimal service level is less than that under centralized decision making. The CLSC presents a double marginal effect, and the supply chain is non-optimal.
R-M Decision
In the RM decision model, the retailer, as the market leader (e.g., Wal-Mart), first determines the sales price p n , p r and p s according to its own objective function and the manufacturer's optimal reaction function. Subsequently, the manufacturer, according to its own objective function and the retailer's decision, determines the wholesale prices (ω n , ω r , ω s ) and service levels (s n , s r , s s ).
The decision model is:
Among them, the constraints p n = ω n + A,and p r = ω r + B, p s = ω s + M imply that the retailer sales price is more significant than or equal to the manufacturer wholesale price.
The objective function model is explained in Table 3 . Table 3 . Objective function model interpretation.
Game Party Parameter Determined by the Formula Formula
Recycling and remanufacturing fixed costs 
Proposition 3.
For the proposition R-M decision under the CLSC of new products, remanufactured products and refurbished products, we obtain the best sales price p i , the best wholesale price ω i and the optimal service level s i as follows:
Proof. According to the Stackelberg game model, retailers, as market leaders, first determine their retail prices p n , p r and p s ; manufacturers as followers, according to the retailer decision model, determine their sales prices (ω n , ω r , ω s ) and service levels (s n , s r , s s ).
Next, we substitute p n = ω n + A, p r = ω r + B and p s = ω s + M into Π d2 M and obtain the first-order partial derivatives of ω n , ω r , ω s . After including the human intervention, we set the first derivative be zero and solve the simultaneous equations. The group can obtain the unique optimal solution, by substituting the optimal wholesale prices ω n , ω r , ω s of new products, remanufactured products and refurbished products into Π d2 R . According to the reverse induction method, the optimal decision result in the proposition can be obtained. 
Inference 3:
With the increase in consumer acceptance, remanufactured products and new products, the best selling price, best wholesale price and optimal service level should be increased, and new products should be reduced accordingly; 2.
Under the retailer-led Stackelberg game model, the retailer's gain Π d2 R is more significant than the manufacturer's gain Π d2 M , and the optimal selling price of new products, remanufactured products and refurbished products is more significant than the centralized decision. The optimal service level is less than the centralized decision making, and the CLSC presents a double marginal effect. The supply chain is non-optimal.
Coordination Mechanism Design
Owing to the dual marginal effects of decentralized M-R and R-M decisions, the systems are not optimal. Therefore, for the M-R model, we designed a revenue-sharing contract optimization model; for the R-M model, we designed two toll contracts to improve the model defects.
M-R Decision: Revenue Sharing Contract
According to Cachon et al. [19] , the revenue-sharing contract is superior to other contracts and can significantly increase the overall benefit of the supply chain system. Its decision model is:
When δ = 1, no cooperation exists between the manufacturers and retailers. At this time, they return to the M-R decision making model of the CLSC. Manufacturers obtain all the benefits, and the revenue-sharing contract is invalid.
Proposition 4.
The optimal sales price pi for the CLSC new products, remanufactured products and refurbished products under a revenue-sharing contract is: Proof. To achieve the M-R supply chain coordination, it is necessary to perform equal decisions under both the decentralized and centralized decision making. The following must be met: 
The first-order partial derivatives of p n , p r and p s are obtained from Π R and are equal to the centralized decision making pricing strategy.
The propositions are solved according to Equations (53)-(55). Substituting w n , w r , w s into Equation (22) yields p n , p r , p s and the retailer's and manufacturer's optimal profit Π r1 * R , Π r1 * M . Finally, according to the constraint condition
, the value range of δ * (gain sharing interval) can be obtained.
R-M Decision: Two Charge Contracts
Under decentralized R-M decision making, large-scale retail enterprises are dominant, possess strong bargaining advantage and will charge manufacturers a certain amount of fixed fees (passage fees S), thereby strengthening retailers' profit margins. From the extension Savaskan et al. [6] , the decision model is:
The available propositions are solved:
Proposition 6. The channel fee charged by the retailer to the manufacturer under the coordination of the two-toll contracts is:
Proof. Research shows that the necessary and sufficient conditions for the utility of the two-toll contracts are the following: p r2 * n = p c * n , p r2 * r = p c * r , p r2 * s = p c * s ,. According to Π r M , the manufacturer's optimal response function for retailer decision can be obtained as ω r2 * i (p i ), s ( i r2 * )(pi), and p n , p r , p s can be substituted into the manufacturer's optimal response function. Using Equation (27), the optimal solution can be obtained.
Numerical Simulation
In the following, a mobile phone is used as a simulation case to perform the numerical simulation analysis on the settings of the model above to yield the relevant parameters: c = 100, Q = 1000, η = 25, ∆ 1 = 50, ∆ 2 = 25. Using Mathematica 11 programming, the pricing decision and coordination model under different models are obtained.
Closed-Loop Supply Chain Differential Pricing Decision
1.
When θ ∈ [0.7, 0.9], g = 50, the optimal retail price, optimal wholesale price and optimal service level of new products, remanufactured products and retreaded products change with θ under centralized and decentralized decision making. The situation is shown in Figure 3 . Numerical examples show that with the increase in the consumer preference coefficient, the retail price and wholesale price of remanufactured products and refurbished products will increase, and the pricing level of new products will decrease accordingly. It shows that remanufactured products and refurbished products erode the market share of new products, resulting in lower pricing decisions for new products.
Simultaneously, as the consumer preference coefficient increases, the service differentiation between new products and remanufactured products or refurbished products decreases, indicating that as consumers favor the remanufactured products and refurbished products, the service strategies of the supply-chain member companies are adjusted accordingly. At this time, the degree of polarization of customer satisfaction is reduced.
In addition, lower consumer preferences affect new product pricing decisions and significantly affect remanufactured goods and refurbishment product pricing decisions. This shows that with the increase in consumer preference, the total market demand increases.
2.
When θ = 0.7 and g ∈ [50, 100], the optimal retail price, optimal wholesale price and optimal service level of new products, remanufactured products and refurbished products change with g in the centralized and decentralized decision making. This scenario is illustrated in Figure 4 . The numerical example shows that with the increase in the government subsidy coefficient, the retail price, wholesale price, service level and market demand of the refurbished products have increased, indicating that under the conditions of government subsidies, the surplus of producers and the increase in consumer surplus, the overall supply chain profits rise.
3.
When θ ∈ [0.7, 0.9] and g ∈ [50, 100], the total profit of the supply chain under centralized decision making, decentralized R-M decision making and decentralized M-R decision making is shown in Table 4 . Numerical examples show that with the increase in consumer preferences θ and government subsidies g, the total profits of all members of the supply chain and the supply chain increase, and the profits obtained by the leading ones are higher; the total profit of the supply chain under the R-M decision and M-R decision, individually, is lower than the concentration. Further, decision making shows a double marginal effect, and the supply chain is non-optimal. • 
Closed-Loop Supply Chain Differential Pricing Coordination
Let θ = 0.8, g = 50, and substitute them into the decentralized M-R and R-M decision models, respectively. 
R-M Decision: Two Charge Contracts
From the proposition results of Section 4.2, the optimal value of S * is obtained. At this time, under the two-toll contracts, Π r2 * M = 156,663 and Π r2 * R = 410,893. This shows that the retailer who is the leading player of the Stackelberg game obtains the full profits of the coordination of the two toll contracts, while the manufacturer retains the pre-coordinated optimal returns. The overall revenue capacity of the system is expanded.
Conclusions
We herein assumed three forms of e-waste recycling and remanufacturing market: new products, remanufactured products and refurbished products. Under the influence of factors such as government subsidies, consumer preferences and other factors, the CLSC pricing and service level decision, as well as coordination issues were studied. In the modeling process, a combination of symbolic model construction and numerical simulation was used to construct a pricing model based on consumer preferences. The optimal solutions under different models were determined, and a revenue-sharing contract and two toll-making contracts were proposed to coordinate the CLSC pricing model. Based on the findings, we can conclude that consumer preferences have a positive correlation with the overall return of the CLSC system; as the degree of consumer preference increases, the service differentiation of new products, remanufactured products and refurbished products decreases. Government subsidies can effectively increase the surplus of producers, and the consumer surplus improves the overall profitability of the supply chain system. Under the dynamic game model, the dominant player achieves higher returns through bargaining advantages, but causes the decentralized M-R decision making and R-M decision to have double marginal effects, thereby producing a non-optimal system. The revenue-sharing contract and the two charge contract coordination models constructed herein can effectively mitigate the contradiction caused by the double marginal effect, which is embodied in the following: (1) In order to stimulate the retailer's sales volume, the manufacturer will transfer some of the proceeds to achieve the effect of small profits, but quick turnover. At this point, how to determine the revenue-sharing ratio δ is especially critical (extremely, when the revenue-sharing ratio δ = 1, the manufacturer does not cooperate with the retailer). (2) Retailers in a strong position tend to charge manufacturers a certain amount of access fee to achieve the retailers' goal in capitalizing their markets.
The Stackelberg game model proposed in this paper provides theoretical reference and practical guidance for the differential pricing and service level decision making and coordination of real enterprises. Centralized decision making is applicable to the integrated decision making of manufacturers and retailers, achieving optimal profit through cooperation and win-win; the manufacturer-led decision making model is applicable to the dominant manufacturers in the supply chain (for example: Apple in the U.S. and its affiliates) vendors; retailer-led decision making models are applicable to strong retailers in the supply chain (e.g., Jingdong Mall in China, etc.). In addition to price and service level factors, corporate location models, sales channel models, etc., will also affect consumer purchasing decisions. Future studies on this model should address other aspects not covered in this study. First, the model assumes that the market demand is constant at Q, but the market demand is unstable due to the disturbance of many factors; and the enterprise remanufacturing ability and recovery efforts influence the production demand. The relationship between market demand and pricing strategy will be investigated in a future study. Second, this study considers new products, remanufactured products and refurbished products that exist in the market simultaneously and assumed that they have the same product utility. However, in actual operations, product replacements often occur, and new products have a higher level of product utility. In future studies on consumer's utility, the issue of strategic coordination in the context of product upgrading will be investigated. Third, this study only considers the provision of services by manufacturers; the provision of services by retailers or by both manufacturers and retailers (cooperative services) should be considered in future studies.
